The prevalence of V.ovalifolium in Pulau Dua Nature Reserve was surveyed. This parasite was observed parasitizing on only two host species, Excoecaria agallocha and Thespesia populnea, among 11 potential host tree species in the study area. This phenomenon, contemporarily coined as local host specificity, is complementary to a small endnote on Backer & Bakhuizen van den Brink's 1965 Flora of Java vol. II. V.ovalifolium's prevalence is higher as the increase on host tree DBH, as the decrease of infested host branch diameter and as the increase of host tree branching order. Two later findings point at Dicaeum trochileum as V.ovalifolium seed disperser among 90 bird species living on the nature reserve.
INTRODUCTION
Over 45 years, Backer & Backhuizen van den Brink's 1963 -1968 , has been the most important botanical reference for plant diversity in Java, both native and introduced. Although the past years had accumulate huge botanical advances post publication of this work, still, most botanical works about the island and its surrounding refer to Fl. Jav. Such works use the Fl. Jav. not only as a taxonomic, but also an important ecological reference for plant life in Java, due to Backer's vast first hand knowledge about Java's plant diversity. Whenever possible Backer provides ecological notes at the end of each species account, describing various ecological aspects, such as nativeness or habitat preference. One of his interesting ecological remark was one he made upon Viscum ovalifolium in vol. II, p. 75. Initially, our attention was drawn toward his off margin footnote citing: "In mangrove often parasitizing Excoecaria agallocha L."; thus lead us to deduce that Backer meant to point host specificity demonstrated by the parasite. However, in his formal account on Fl. Jav. text, Backer described this species as flowering (or fruiting) throughout the year, found at all three regions of the island from 1.5-1200 m asl., and "parasitizing various woody plants" (Backer & Bakhuizen 1965) . A situation, where a parasite infests various species of host trees throughout its natural distribution range but seems to parasitize only certain host in a given habitat, is refered as local host specificity (Martínez del Rio et al. 1996; Norton & Carpenter 1998; Okubamichael et al. 2011) , a terminology which might not formally coined during Backer's era, however detected empirically as a result of his vast field experiences. In Indonesia, we have not encountered any research paper related to this local host specificity condition.
If Backer's observations were accurate, he might also have detected a situation of which recent investigators termed as parasite-host chemical interaction (Yoder 1999) , as it is a common knowledge for mangrove researchers that E. agallocha contained harmful white latex, toxic to human and some animal (Krishnamoorthy et al. 1995; Kumarasinghe & Seneviratne 1998) . V. ovalifolium might have responsed differently to the chemical content of E. agallocha latex compared to animals. However, it is intriguing to understant why a harmful species is chosen as a host of a generalist parasite amongst wide range of potential host in mangrove environment. This paper attempts to clarify the host specificity status of V. ovalifolium in mangrove as our effort to verify our understanding on Backer's knowledge about the host of V. ovalifolium in mangrove and complementing it with an ecological aspect of V. ovalifolium seed disperser.
Most botanical system (Cronquist 1981) includes Viscum (including V. ovalifolium) in the family Viscaceae (Loranthaceae in Fl. Jav.), however APG II & III collapse the group within Santalaceae . It is a glabrous small shrub; leaves opposite, lanceolate-orbicular-obovate; base narrow, obtuse or rounded; apex acute; nerve 3-5, flabellate; vein reticulate; inflorescence fascicled, 3 flowered, at first solitary, afterwards many; monoecious; fruit ellipsoid, warty when young, smooth when mature, yellowish or brown-green (Backer & Bakhuizen 1965) . There is no known local name for V. ovalifolium, except for the generic benalu, which applies for wide range of parasitic species. It dispersed via digestion tract or regurgitation of small sized frugivorous bird species, which beak gape correlates the size of the fruit. In lowland Java, Dicaeum trochileum is a common small sized fruit disperser, as it frequent almost all lowland habitat, especially secondary forests and human settlements (Sodhi et al. 2005) including mangrove, and in our study site may act as the most possible V. ovalifolium seed disperser. The hypotesis was that in mangrove, infested branches by V. ovalifolium may be correlated to seed disperser's body sizes. And as D. trochileum was a small sized flowerpecker, we predict that the most infestation must be in smaller branches.
MATERIALS AND METHODS
Study Site. The study site was at Pulau Dua Nature Reserve, Banten, Indonesia. This nature reserve has predominantly mangrove habitat, and inhabited by 90 species of birds, including water and shore birds as well as lowland forest resident birds (Milton & Marhadi 1985) .
Two long plots (Figure 1 ) of 20 X 50 m were set up at the northwest and southwest part of the nature reserve. A plot starts at high tide water level inlandward through muddy coral-based semi dry land. At each plot, DBH were recorded for each tree with diameter above 1 cm. Low margin of 1 cm was chosen because smaller sized trees are also potentially hosting parasites (Sargent 1995) , including V. ovalifolium. Number of individual tree per species in each plot and their DBH were used to calculate the density, relative density, frequency, relative frequency, dominancy and relative dominancy. Species importance values were subsequently calculated from previous calculations. Whenever at least a single individual V. ovalifolium present at any tree, such tree is tagged to be examined afterwards. Spotting were done using a pair of binoculars. Tagged trees with V. ovalifolium infestation within reach were examined directly, while bamboo scaffolding were prepared to reach and closely examine infested branches whenever beyond reach. At each infested branch, the number of every V. ovalifolium individual was recorded, including newly germinating seeds with only a pair of primary leaves. The correlation of the number of V. ovalifolium with tree characteristics, such as host DBH (measured at breast high), branch diameter (measured by a measurement tape to closest mm), and branch order (recorded as how many branching occured to reach the infested branch) was determined.
As V.ovalifolium is a bird dispersed parasite (Norton & Carpenter 1998; Watson 2001) , we related the diameter of infested branches with Watson's (2001) list of worldwide bird disperser for Viscum. Average infested branch diameter is cross-checked thoroughly with bird size and diet (Mackinnon et al. 2010) , among the species list inhabiting Pulau Dua (Milton & Marhadi 1985) .
The relationship between DBH, branch diameter, and branch order as predictors of the parasite numbers were statistically tested using general linear regression. The strength of the relationships between variables was tested using Pearson's product moment correlation whenever the data showed normal distribution (as calculated by Kolmogorov-Smirnov normality test). Conversely, shall the data showed non-normal distribution, Spearman's rank correlation test (α = 0.05) was used. Statistical calculations were done in R version 2.14.2 (R Development Core Team, 2012). 
RESULTS

Local Host Specificity of V. ovalifolium in Pulau Dua
Mangrove. Combination of two plots showed that Thespesia populnea was the most important trees of the area, due to its DBH, followed by Avicennia marina and Rhizophora apiculata; with Excoecaria agallocha was only at the fourth. Avicennia marina was the most abundant species, followed by Rhizophora apiculata, Thespesia populnea and Excoecaria agallocha, respectively (Table 1) . Out of 11 tree species within study area only 2 species were infested by V. ovalifolium. Most infestation occurred on Excoecaria agallocha, while only few on Thespesia populnea. Infested individuals composed only 6.74% of total 267 trees above 1 cm DBH in the area. Two species with higher density, Avicennia marina and Rhizophora apiculata, did not host any V. ovalifolium (Figure 2) .
Host Characteristics. Host DBH showed a trend where V. ovalifolium infestations were rampant as the host DBH increased. In E. agallocha, the correlation between the DBH and the number of infestation was significant (Pearson's correlation R = 0.646; p-value = 0.0093), while in T. populnea, the correlation line showed good correlation (Pearson's correlation R = 0.684), however the p-value was not significant (0.5204).
The relation between host branch diameter and number of parasite in two host species showed rather different results, which were negative relationships. In E. agallocha, the correlation was of moderate slope (Pearson's correlation R = -0.522) however with nonsignificant p-value (0.05546) at α = 0.05. While in T. populnea the relation was non-significant (Pearson's correlation R = -0.078; p-value = 0.8351).
The relation between the host branch order and the number of parasites was calculated using Spearman's rank correlation test, as the data showed a non-normal distribution calculated by Kolmogorov-Smirnov test. The correlation test showed that the higher branching orders, more V. ovalifolium infestations were encountered. However the strength of correlation was low for E. agallocha (ρ = 0.342; p-value = 0.452) as well as for T. populnea (ρ = -0.5; p-value = 1).
DISCUSSION
Host Specificity of V. ovalifolium in Mangrove. Our twin plots revealed that Backer was absolutely correct with his "In mangrove often parasitizing Excoecaria agallocha L.". More precisely is that only one tree species beside E. agallocha was infested by V. ovalifolium, Thespesia populnea. As Backer did not reveal the identity of another V. ovalifolium host in mangrove, we consider our finding as a complementary to Backer's. Out of 46 T. populnea stands within our plots, only 3 individuals were infested by V. ovalifolium (6.52%); while 44.11% (15 out of 34 individuals) E. agallocha individuals were infested. Only 6.74% (18 individuals out of 267 total individuals) trees equals to 18.18% of total tree species (2 out of 11 species) within the study area are infested by V. ovalifolium ( Figure 2 ). As Backer mentioned "parasitizing various woody plants" and revealed the widespreadness of the parasite throughout Java, our data convinced us to conclude that local host specificity of V. ovalifolium in Javan mangrove environment is indeed the case in Pulau Dua, with E. agallocha as a primary, and T. populnea as a secondary host. Local host specificity occcurs whenever a widely distributed parasite species at a specific location seems to be restricted in one or two specific host, as also observed in Kalahari Desert, where Viscum rotundifolium, which naturally widespread in Southern Africa only found parasitizing two species Ziziphus mucronata and Ehretia rigida (Okubamichael et al. 2011) . Local host specificity is thought to have connected directly to water and nutrient status of the host in mesic environment. Okubamichael did not find a direct relation between water status of host trees with parasite infestation in Kalahari, however we thought water relation must have been among the most responsible factors in determining the sucess rate of parasite establishment in water stressed environment such as Kalahari Desert or mangrove environment of Pulau Dua. We did not measure whether E. agallocha, as the major host of V. ovalifolium, had higher water potential compared to T. populnea, as the minor host, and subsequently whether both species had higher water potential compared to other uninfested trees. However, water status may be the most explanative factor to the problem, since a research in Sundarban, India had revealed that E. agallocha is the species with the highest water potential, both in transpiration and stomatal conductance amongst some mangrove species in summer (Nandy & Ghose 2001) . In spite of Nandi and Ghose data that in winter Sundarban's E. agallocha performs not at the highest amongst other mangrove species, we believe this fact is incomparable with Pulau Dua's E. agallocha. In Banten mangroves experienced constant, summer-like, annual temperature, as opposed to fluctuating annual climate of Sundarban. Differences in water potential might led to low parasite seed germination success in most tree species, and balanced by high success in specific host species, in Pulau Dua case is mainly on E. agallocha (and secondarily by T. populnea).
Chemical response of host-parasite between V. ovalifolium and E. agallocha in relation to the establishment rate of parasite on host trees is of a major interesting aspect, yet might be superficially explained in this paper. Notoriety of E. agallocha for its poisonous exudates (Krishnamoorthy 1995; Kumarasinghe & Seneviratne 1998) , is an effective deterrent for herbivores, however did not impede V. ovalifolium. We believe that explanations must be sought in the haustorial anatomy of V. ovalifolium. As a hemiparasite capable in photosynthesizing, the root system of V. ovalifolium will aim to penetrate host's xylem in order to tap water and minerals transported from roots to leaves. These haustorial systems will logically avoiding secondary metabolite's container, as in phloem or latex/resin canal's idioblast, where metabolites including 'poison' are distributed. If the poison chemical contents of E. agallocha are distributed within the phloem, with the characteristic of dicot vascular bundles where xylems are enclosed with phloem in E. agallocha, haustorial root system must be equipped with special armament in order to avoid the poison. Alternatively, if the poison is contained in latex canals, haustorial roots will access the xylem relatively easy compared to the first situation.
Host Characters and their Relationship to Potential Seed Dispersers. Figure 3a showed that the larger a host tree the higher the possibility in hosting more parasite individuals. Such feature is a most logical consequence in the interaction between host tree and parasite species, as a larger tree displays larger surface area to be occupied by a germinating seedling. A question arises when host DBHs are compared with those uninfested, since largest trees with highest DBH are not infested. Infested E. agallocha and T. populnea ranged between 2.5-28 cm in DBH, much smaller than other uninfested trees in the study site. A big question mark on why V. ovalifolium choose to infest only certain species and skip others, even those with even larger surface are i.e. greater chance of seed infestation and germination might be explained by host plant water potential, as mentioned previously. The absence of V. ovalifolium on host main trunk (branch order 0; Figure 3c ) along with the fact that all infestation occured on branches under 3 cm diameter, with the tendency (Figure 3b ) of heavier infestations toward smaller branches lead to a prediction about seed deposition mechanism.
Watson (2001) compiled 66 bird species feeding on many genera of mistletoes, hence potential seed dispersers. When compared to Milton and Marhadi (1985) in hirundaceum from Australia). Furthermore, the limited distribution of D. trochileum only at Sumatra, Borneo, Java, Bali and Lombok might probably be the cause on why the interaction between this common flowerpecker and parasites is not well exposed. MacKinnon et al. (2010) explicitely noted that D. trochileum is a frequent resident of Javan coastal areas and mangroves, visiting mistletoe grooves and eating their sticky berries. During our survey, it is the only bird species agressive enough in territorial defense upon our presence, and able to manoeuvre at low height between dense branches. This agressive territorial behavior ruled out other V. ovalifolium potential disperser genera, Oriolus, Artamus and Lonchura, as cross-checked with Watson's and Milton & Marhadi's lists, and 86 other coexisting bird species in Pulau Dua. The mutal relationship of the parasite and its seed disperser may lead to the coevolution of both parties, that the survival of one may influence the other (Reid 1991) . At this point, conservation act on the avifaunal components in Pulau Dua, which was long ago designated as nature reserve, insures the preservation of the other components, the plant diversity components.
D. trochileum small size, with a total length of 8 cm (MacKinnon et al. 2010 ) is a good indication that this species is well suited in perching on smaller branches, as revealed by our data (Figure 3b,c) . The tendency of high prevalency on smaller branches as opposed to rarity on bigger branches depicts an alternative between high infestation on smaller branches versus low establishment and success on bigger branches. Low prevalence on large branches may be an alternative result of either the seed inability to germinate on thick bark of large branches, or a mechanism of natural thinning along branch growth timeline (Sargent 1995; Aukema & Martinez del Rio 2002) , which means that young (small) branch may bear large number of parasites but subsequently lost many V. ovalifolium individuals as it grow large. Consequently, it is advisable to further follow-up our finding in Pulau Dua, and see whether the high rate of infestation on smaller branch will indeed lowering down as the particular infested branch grow in size (and age), and whether any new infestation is indeed on smaller branches and not on larger branches.
